ABSTRACT. Facing the challenges of environmental and social changes, sustainable management of ecosystem services is a worldwide priority. The Programme on Ecosystem Change and Society (PECS) approach provides a unique opportunity for promoting transdisciplinary place-based comparative research for social-ecological systems (SES) management. As part of the PECS-sponsored WaterSES project, we used four place-based SES research sites to analyze patterns in perceptions of ecosystem services. Our data come from about 1,500 face-to-face surveys conducted in southern Spain, the south-central Great Plains of Oklahoma (USA), and the Portneuf and Treasure Valleys, Idaho (USA). Specifically, this study aimed to (1) describe and compare perceptions of ecosystem services within and across SES sites, (2) explore how perceptions of ecosystem services vary among local respondents and by sociodemographic factors, and (3) evaluate the overall relationship between place-based SES contexts and ecosystem service perceptions. Our results revealed that cultural ecosystem services were the most highly mentioned among those surveyed across all four sites. However, we found differences in how ecosystem services were perceived among the four SES contexts. For instance, both, social (e.g., gender, education) and local ecological (e.g., land use and climate) characteristics play roles in influencing people's perceptions of which services are important. Overall, our findings suggest the relationship between people's perceptions of ecosystem services and their socialenvironmental context is complex, which highlights the value of the PECS approach for crafting more effective and inclusive landscape management strategies.
INTRODUCTION
Social-ecological systems (SES) are linked systems of people and nature, emphasizing that humans must be seen as a part of, not apart from, nature (Berkes and Folke 1998) . The SES framework provides guidance on how to assess the social and ecological dimensions that contribute to sustainable resource use and management (Ostrom 2009 ). Within the SES framework, ecological subsystems interact with societies and their institutional systems to generate ecosystem services (ES) that are managed and governed by social subsystems (Berkes and Folke 1998, Ostrom 2009 ). Because the SES approach explicitly recognizes the connections and feedbacks linking human and natural systems (Leslie et al. 2015) , it can be used in the key process of generating knowledge and the formulation of sustainable governance solutions.
The concept of ES was developed to represent the diversity of benefits provided by ecological subsystems for human well-being (Costanza et al. 1997 , Daily 1997 , Millennium Ecosystem Assessment (MA) 2005 . The ES concept has gained considerable attention among scientists as a way to communicate societal dependence on ecological life-support systems that integrates perspectives from both the natural and social sciences (Castro et al. 2011 (Castro et al. , 2015a . A critical step in ES valuation is to identify both an ecosystem's capacity to provide services, as well as the societal demand for those ES by different stakeholders . Addressing both dimensions demonstrates that an ES is influenced not only by an ecosystem's properties but also by societal needs (Burkhard et al. 2012 , Castro et al. 2013 . In turn, perceptions of and preferences for ES depend on social and cultural context (Martín-López et al. 2012) as well as economic context (Turner et al. 2010 , Hamman et al. 2016 . Thus, ES valuation within different SES is influenced not just by the ecological characteristics of the ecological subsystem, but also by the sociocultural and institutional context of the social subsystem as well (Tallis and Polasky 2009) . However, studies rarely address how stakeholder perceptions of ES link to the biophysical properties and functions of the ecosystems on which ES are based, or the degree to which ES are influenced by sociocultural context and human interests and traditions (Cebrián-Piqueras et al. 2017 ).
In recent decades, different international research initiatives have emerged to facilitate the development and synthesis of SES research aimed at understanding environmental problems and generating sustainability solutions at the local scale (Maass et al. 2016) . The Programme on Ecosystem Change and Society (PECS) aims to provide opportunities for synthesizing insights gained from the SES science community that may contribute to global sustainability (Xu et al. 2014 ) through an approach that relies on comparisons among place-based SES research sites (OterosRozas et al. 2015 , Maass et al. 2016 , Balvanera et al. 2017a ,b, Norström et al. 2017 . Here, we use the PECS approach to investigate how different social-ecological contexts influence people's perceptions of ES. With this aim, we (1) describe and compare ES perceptions within and across four place-based SES research sites that have in common water scarcity but that encompass diverse social, ecological, and economic contexts, (2) Fig. 1 . Map of the locations of the four place-based research sites. explore how ES perceptions vary among local respondents and among stakeholder groups and the degree to which sociodemographic factors are associated with these perceptions, and (3) evaluate the overall relationship between SES contexts and ES perceptions.
STUDY SITES
Four place-based SES research sites located in the USA and Spain were chosen to integrate the PECS-WaterSES project (http:// pecswaterses.com/). The four sites represent areas that are experiencing new regional societal demands for limited water resources (Hoff 2009 , Sabo et al. 2010 , Armas et al. 2011 (Fig.  1) . Simultaneously, each site is characterized by different water needs and social-ecological dynamics, which result in different social, ecological, and economic contexts that we expected would influence perceptions of ES. The opportunistic use of these four sites, which are all characterized by water scarcity, provided us with the context within which to evaluate how social, cultural, demographic, and economic variation influences perceptions of ecosystem services, without the overriding environmental impacts on these perceptions that might be expected if sites were compared that differed dramatically in water resources.
Treasure Valley, southwest Idaho
The Treasure Valley, located in southwestern Idaho (USA), is a lowland area in a mountainous region. This region, covering approximately 3,438 km² has a semiarid climate with hot, dry summers and moderately long winters. Agricultural lands, including crops and pasture/hay for cattle, account for 34% of the total land use in the Treasure Valley (National Land Cover Database (NLCD), https://www.mrlc.gov/, 2011). These include industrial-scale production (e.g., potatoes, sugar beets, dairy) responsible for 80-90% of the region's current water use (Petrich 2016) , and that contribute to extensive water quality degradation (Hastings and Williams 2014) . Developed areas correspond to 16% of the land use (Table 1 ). This region is home to three of Idaho's largest cities (Boise, Nampa, and Meridian; combined population of ~400,000) in an otherwise sparsely populated state; the Boise metropolitan area is one of the fastest growing cities of America with a 120% population increase between 1990 and 2015 (Forbes Magazine 2016) . Increased development is changing traditional land uses, converting farmland into commercial and residential developments, and is projected to increase water demand 250-350%. Rapid urban expansion, coupled with climate change, has produced consequences for the quality and quantity of water supplies, emerging as one of the major challenges in the area (Han et al. 2017) .
Portneuf Valley, southeast Idaho
Located in southeastern Idaho (USA), the Portneuf Valley site (3,436 km²) has a similar climate to the Treasure Valley (~310 vs. 280 mm average precipitation, respectively), although it resides at 500 m higher elevation, includes more mountainous terrain, and is mostly agricultural. The largest urban area is Pocatello, a midsized city (population ~50,000) located along the Portneuf River, a tributary of the larger Snake River, which also drains into the Treasure Valley downstream. The major land uses in the area are agricultural (22%) with forested areas (17%) at higher elevations, and only 4% of the valley is developed land (NCLD 2011) . Here, population growth has been only modest (5-10%), although urban expansion upstream and into its surrounding foothills is replacing some traditional farming and grazing. Agricultural land use and irrigation water withdrawals (which reduce the base flow of the Portneuf River by an average of 70% during a regular summer; Marcarelli et al. 2010) , combined with flood control management of the Portneuf River via levees and concrete channel in and near the city of Pocatello, have reduced water quantity and quality (Hastings and Williams 2014) , limiting ecosystem health, recreational opportunities, and rivercommunity connections, which are increasingly desired by residents of Pocatello.
The Kiamichi River watershed, southeast Oklahoma
The Kiamichi River is a major tributary to the Red River, located in southeastern Oklahoma (USA) ( Fig. 1 ) (Castro et al. 2016a ). This area covers 4,719 km², and the major land classes are forested areas (62%) and agricultural lands (18%). The region is characterized by steep and rugged terrain, limiting major row crop agriculture. There are no nearby major cities or interstates, and human population density is low (5.13 people/km², Table 1 ). This lack of development in the watershed has left the Kiamichi River with relatively pristine water and high aquatic biodiversity (Vaughn 2017) . However, water availability from the two main reservoirs is predicted to decrease over the next 25 years due to increased drought coupled with water demand from an increasing human population outside the watershed, especially from Oklahoma City (a rapidly growing population of ~630,000) (Castro et al. 2016b ).
Spanish watersheds, southeast Spain
The Spanish semiarid watersheds are located on the southeastern Iberian Peninsula, which is considered the most arid region of continental Europe. Covering approximately 12,207 km², the area has a warm, dry Mediterranean climate with average annual temperatures between 12 and 15°C and annual average rainfall of 200-350 mm per year (Armas et al. 2011) . Most of the region is dedicated to agricultural uses (45%), and approximately 38% of the area is covered by scrublands and rangelands . This region has experienced one of the most dramatic and significant land-use transformations in all of Europe (Quintas-Soriano et al. 2014) . This area has become the largest producer of vegetables at the European level, and these commodities have driven the regional economy and the increasing local standard of living. However, conflicts between economic development and conservation have generated recent concern due to the rapid expansion of greenhouse horticulture and the abandonment of rural and mountainous areas .
METHODS

Social sampling description
In each site, individuals were sampled from the population to encompass a wide range of the local citizenry (e.g., residents, environmental experts, or business workers). The sampling frame was restricted to individuals over 18 years old. A total of 1,511 direct face-to-face surveys were compiled across the four sites between 2012 and 2016, in different sampling points across each place-based research site (see Table 1 and Fig. 1 for more details).
Survey development and data collection
The social survey was administered in each of the four SES research sites. To test the suitability of the questionnaire design, we conducted a preliminary survey in each case study area (Martín-López et al. 2012 , Castro et al. 2016a . The questionnaires collected information regarding respondents' knowledge about the capacity of each site to provide ES to maintain human well-being and sociodemographic information of the surveyed individuals (i.e., level of education, age, and place of residence). In addition, questions allowed for some comparisons among stakeholder groups (e.g., scientific experts, those engaged in environmental organizations, members of particular cultural groups, etc.). See Appendix 1 for a detailed description of the survey design. The variables obtained from the questionnaire are shown in Appendix 2.
Prior research has explored ES perceptions using qualitative and quantitative techniques that involve direct and indirect consultative methods (Castro et al. 2013) . Here, we measured ES perception as the recognition by respondents of the benefits obtained from ecosystem processes (or ES) that are important for sustaining human well-being (Martín-López et al. 2012 , Beery et al. 2016 . While conducting the surveys, the ES concept was always introduced at the beginning of the face-to-face interaction as "the benefits that the ecosystems of the area provide for human well-being" to make the term more understandable for the remainder of the survey and to avoid educational biases (Martín-López et al. 2012) . To characterize ES perception, we began with a free-listing technique in which respondents were asked to name Ecology and Society 23(3): 3 https://www.ecologyandsociety.org/vol23/iss3/art3/ all of the possible benefits they could think of that the ecosystems in the study area provide. We chose to begin this way because the free-listing technique is a direct consultative method that provides spontaneous responses contrary to what happens when a list of given options is suggested in the questionnaire, thereby minimizing framing effects (Martín-López et al. 2012 ).
Our research assistants began each survey by asking: "Do you think the area and the surrounding region provide benefits or contributions that contribute to human well-being of the region?" Respondents indicated the level of benefits that they thought the region contributed to human well-being and then were asked to provide a list of examples of those potential benefits (see Appendix 1) (Martín-López et al. 2012) . The resulting qualitative data from this method produced a long list of aspects mentioned by respondents that were later coded into ES and then grouped in the three main categories of ES-provisioning, regulating, and cultural-by the researchers in a collective reflection process following the international ES classification of the Common International Classification of Ecosystem Services (CICES; www. cices.eu), Haines-Young and Postchin 2013). Ambiguous responses (e.g., "nature," "feeling good") and those that could not be categorized into any ES (e.g., "work," "money") were excluded from the analyses. We then estimated the percentage of respondents in each location who listed specific ES and also the percentage associated with each of the three types of ES.
In addition to these surveys in which sociodemographic characteristics (e.g., age, gender, ethnicity) and the proportion of respondents with various perceptions about ES were measured, we also collected data regarding ecological variables (i.e., land use and environmental) associated with each site, in order to identify if there were any patterns between these and perceptions of ES. In each site, we estimated the percentage of land used for various purposes using the NLCD for the U.S. sites and the land-use and land-cover map of Andalusia for the Spanish site (REDIAM, http://www.juntadeandalucia.es/medioambiente/site/rediam). Using GIS, we then calculated the percentage of each land-use type linked to the respondents' place of residence (e.g., zip code area or municipality). Climate factors such as average precipitation of the wettest month and average temperature of the warmest month were also obtained from WorldClim, a global climate data set (http://www.worldclim.org/), and calculated as the average value for each place-based research site in order to better understand the social-ecological context in which our residents were living.
Data analyses
Samples collected reflected quite well the average characteristics of the local populations for each site in terms of race/ethnicity, age, education, income, and gender. With respect to the sociodemographic make-up of each site, we found a number of similarities and differences among sites ( Table 2 ). The gender balance was about the same across the four sites, although we surveyed more men on average, especially in the Kiamichi River watershed. In terms of the type of respondents we interviewed, the vast majority of them were basic residents; only in the Spanish watersheds and the Kiamichi watershed did expert respondents constitute approximately 20% of the sample. The Treasure Valley sample was the oldest (45% respondents older than 50 years), and the Spanish sample the youngest (77% respondents younger than 50 years). The level of income and education of respondents showed similar patterns across sites: the Treasure Valley respondents had the highest level of income and the most respondents with university-level education whereas the Spanish respondents had lower incomes and less university-level education on average. The respondents from the three sites in the USA exhibited a more localized sense of place, indicating a primary affinity for their own city and regional areas, whereas more respondents in the Spanish site reported a sense of place corresponding to the national scale. The sampled population was the most ethnically diverse in the Kiamichi watershed (e.g., 23% Native American and 7% multiracial respondents surveyed), whereas the other sites' respondents primarily identified as Caucasian/white. Finally, proactive environmental behavior (measured by membership in an environmental association) was low across the four sites, ranging from 8% in the Kiamichi to only 3% in the Portneuf Valley (Table 2 ).
To evaluate objective 1, we used descriptive statistics to compare how ES perceptions varied within and across the four place-based research sites. We estimated the relative percentage of observations for ES categories, based on the percentage of respondents who provided examples of ES and grouped by ES categories. We then employed the nonparametric Kruskal-Wallis test followed by Dunn's multiple comparison test to analyze the relative importance given to each ES category and to explore differences between sites. We estimated the relative percentage of our respondents that mentioned different types of ES and used a bar graph to visualize those observations across the four placebased research sites.
For objective 2, we explored whether ES perceptions varied among stakeholder groups and people with different sociodemographic characteristics. To do that, the Mann-Whitney U-test and Kruskal-Wallis tests were used to explore if sociodemographic factors (i.e., gender, age, level of education or proenvironmental behavior) influence people's perceptions of different ES categories within sites (See Appendix 2 for a full description of variables and analysis used).
Finally, for objective 3, a redundancy analysis (RDA) was used to explore the degree of influence of social-ecological context on ES perceptions. The RDA (Rao 1964 ) is a tool commonly used for modeling dependent variables with their hypothetical predictors (Legendre and Legendre 1998) . This statistical technique provides the means for conducting direct explanatory analysis, in which the association among ES may be explored with respect to their relationships with any set of predictors of interest. For instance, RDA is commonly used for analyzing how economic and sociocultural variables are related with social values (Hicks et al. 2009 , Martín-López et al. 2012 . To do so, we identified sociodemographic and ecological factors associated with each place-based research site and examined the relative importance of particular ES linked with sociodemographic and environmental behavior variables. A Monte Carlo permutation test (1000 permutations) was performed to determine the significance of independent variables in determining the relative importance of people's perception of ES (López-Santiago et al. 2014 ).
XLSTAT 2017 was used to perform the statistical analysis. We used the QGIS 2.8.6-Wien Geographical Information Systems and R 3. 
RESULTS
Ecosystem services perceptions within and across place-based research sites
We found similar trends in the ES category favored by local respondents across the four sites: cultural services were perceived as the most important service category by respondents, followed by provisioning and regulating services. Only in the Portneuf Valley did respondents perceive cultural and provisioning service categories with a similar level of importance (56-57%; Table 3 ). The ES that were most commonly identified across the four sites were tourism, food from agriculture, and water supply. Recreational fishing, esthetic values and habitat were also widely recognized, whereas ES such as climate regulation and alternative energy were less frequently identified (Fig. 2 ).
We also detected several different patterns in the specific ES most highly valued across the four sites (see Fig. 2 ). Specifically, respondents in the Treasure Valley perceived the highest diversity of ES as important, with high importance placed on all services relative to the other sites. In the Portneuf Valley, water provision, habitat quality and existence values were perceived as most important (as shown in the Dunn group results; Appendix 3). Overall, respondents in the Kiamichi site perceived fewer ES as 
Influence of sociodemographic factors on ecosystem services perceptions
Across the four sites, we found that different sociodemographic factors related to the perception of the three ES categories (Table  4 ). In the Treasure Valley, we observed that only age, and whether or not a respondent was a scientific expert or donated to an environmental organization affected ES perception. In particular, expert respondents perceived both more provisioning and regulating services, whereas the cultural ES category was not influenced by the type of stakeholder. Respondents with a membership in an environmental association perceived the regulating and cultural service categories more than those without. In addition, respondents older than 30 yr old were more likely to perceive ES from the provisioning service category, whereas respondents under 30 yr old more frequently mentioned cultural ES. In the Portneuf Valley, other variables such as level of income, sense of place, and gender were associated with perceiving provisioning services. For instance, males, respondents with a global sense of place, and respondents with a high level of income perceived provisioning services more than did females, respondents with more localized identities, or people with lower levels of income. In contrast, respondents with less than a high school education were more likely to mention cultural services (e.g., recreational hunting and fishing) in their free-listing exercise.
In the Kiamichi site, the cultural service category was the ES that exhibited the most differences associated with sociodemographic variables such as level of income, sense of place, education, expert status, and age. For instance, nonexpert resident stakeholders, respondents under 30 yr old, respondents with a high school education and a high level of income, noted their appreciation of cultural services more than did their counterparts.
Finally, in the Spanish watersheds, we observed many variables significantly affecting ES perceptions. Level of education affected all three ES categories. Particularly, respondents with a level of education lower than high school perceived provisioning ES more frequently, whereas respondents with a university education were more likely to perceive the regulating and cultural service categories. Experts also tended to perceive cultural services as important, but residents were more prone to perceive provisioning ES as important. Finally, respondents with moderate income levels and with a global sense of place perceived importance of cultural services the most (Table 4) .
Degree of influence of social-ecological context on ecosystem services perceptions
Through multivariate analysis of RDA, we detected the presence of significant associations between both sociodemographic and ecological characteristics and how respondents perceived individual ES (P < 0.001, from 1000 permutations). The first two axes of the RDA explained 78% of the total variance (Fig. 3) . The first axis of the RDA (49% of the variance) revealed a gradient across the four case studies. The most negative scores were associated with the Spanish watersheds relative to the perception of climate regulation, agricultural land uses, and warmest temperatures. Additionally, separation along this axis was associated with the fact that people without a membership in an environmental organization were more common in the Spanish sites. The Treasure Valley site position along this axis was linked to the perception of air quality, esthetic values, and food from agriculture, as well as female and expert respondent groups. Positive scores were associated with Kiamichi River and Portneuf Valley, as respondents in both held similar perceptions regarding water provision. The latter two sites were also linked with male resident respondents, a regional sense of place, and ecological variables of the wettest month and forested land uses. The second axis of the RDA (29% of the variance) revealed a gradient of ecosystem service perception whereby most of the regulating and cultural services were related with respondents with environmental memberships and a sense of place related to larger areas (e.g., country and global vs. local or regional). Moreover, respondents with higher levels of education, age, and income showed a clear awareness of regulating and cultural service categories, as well as urban land uses ( Fig. 3 ; Appendix 4).
DISCUSSION
One of the most interesting findings from this comparative study is that, when asked to think about the benefits from nature they most valued, respondents in all four of our study sites mentioned Ecology and Society 23(3): 3 https://www.ecologyandsociety.org/vol23/iss3/art3/ Fig. 3 . RDA analysis across the four place-based research sites. The biplot shows the relationships between respondents' perceptions toward particular ecosystem services and variables related to respondents' characteristics (i.e., sociodemographic variables), ecological variables, and place-based research sites. Variables in bold represent explaining variables with higher standardized canonical coefficients for axes 1 and 2. Detail legend: circles = ecosystem services; triangles = sociodemographic variables of respondents; diamonds = ecological variables of SES sites; squares = SES research sites. (LU agri = agricultural land use, LU urb = urban land use, LU for = forest land use, LU wat = water land use). specific cultural ES more often than provisioning and regulating ES. This is somewhat surprising because it contradicts prior studies of ES trends that have found the general public traditionally favors the preservation of provisioning services at the expense of regulating and cultural services, likely because their value is more tangible and quantifiable by traditional societal measures such as monetary worth (Rodríguez et al. 2006 , Agbenyega et al. 2009 , Hartter 2010 . Unlike past research that has found local citizens reporting provisioning services as the most important, our results suggest local populations are highly engaged with their surrounding ecosystems and actively appreciate their capacity to provide cultural ES such as recreation, fishing, hunting, or hiking. In addition, and as shown in previous studies, larger proportions of residents valuing cultural ES vs. provisioning or regulating ES are not explained by an urban context . In fact, we found respondents in the Treasure and Portneuf sites expressed similar sentiments about cultural ES, despite their difference in total urban population (600,000 vs. 60,000 respectively).
Overall, our finding that cultural ES were especially perceived by respondents to our spontaneous, free-listing surveys can be interpreted in the context of two points. First, as prior studies have shown, cultural ES may be more likely to be mentioned when using the free-listing approach for measuring which ES respondents prioritize (Martín-López et al. 2012, Garrido et al. 2017) . Second, it is important to consider and highlight the strong influence that recreational activities have on the cultural identities and economies of all four sites. For instance, in the Idaho sites, the Idaho Tourism Division of the Department of Commerce reported that, in 2015, the tourism industry generated $3.3 billion and employed 41,600 people in Idaho, making it the third largest industry in the state. Moreover, the Idaho economy benefits from an average of $1.6 billion in annual spending on wildlife-related recreation alone, according to the United States Fish and Wildlife Service. This same touristic tendency occurs in the Spanish site, where statistics shows that tourism in 2017 was up 30% on the 15-yr average since 2000.
Another significant similarity among all four of the study sites was the relationship we observed between an individual's placebased identity and their interest in climate regulation. Here, we found that people who reported having a global sense of place were more likely than those with primarily local or regional identities to list climate regulation as a prioritized ES. This is particularly true in the Spanish site. It is generally acknowledged that public awareness of climate change is growing worldwide. Giving that the surveys in Spain predated those in Idaho by 4 yr, we might have expected more climate change awareness in the Idaho sites compared with either the Oklahoma or Spanish sites, however, we observed the opposite, which suggests this limitation is not influencing the temporal differences in survey sampling. This finding aligns with those from prior research on the relationship between the attachment people have to specific pieces of land and what people value about that land; for example, a study by Garrido et al. (2017) connected the species richness associated with oak forests with stronger local identities. Other research has found that identifying oneself as a world citizen is associated with greater concern for global environmental problems like climate change (Running 2013) . Thus, our results support the notion that the geographic scale at which one identifies with one's "place" is likely related to one's awareness of climate change and how land use is related to climate dynamics.
With respect to our cross-site comparisons, it is also noteworthy that there were more similarities in how individuals perceived ES between the Portneuf and Kiamichi watersheds compared with any other pair, despite their being geographically much farther apart than the Portneuf and Treasure Valley watersheds. In particular, we found that respondents from the Portneuf Valley and Kiamichi River sites were more likely to prioritize water provisioning over agriculture, whereas in the Treasure Valley and the Spanish sites, the opposite was true. Explanations may lie in the fact that both the Treasure Valley and Spanish sites are characterized by water use to fuel industrial-scale food production, whereas uses in the mountainous, rural Portneuf Valley include proportionately more irrigation of pasturelands, and concerns in the similarly mountainous and rural Kiamichi Basin are centered on diversions for use by growing cities. It is also noteworthy that concerns about water quality were relatively low across all four sites, despite well-documented water quality issues in all four, ranging from thermal alteration in the Kiamichi (Galbraith and Vaughn 2011) to sediment and nutrient pollution in the Treasure and Portneuf Valleys (Hopkins et al. 2011 , Han et al. 2017 , and aquifer contamination in Spain (Leduc et al. 2017) . Other investigators have found that respondents in waterscarce regions were commonly more concerned with water quantity than quality, but that within developed nations like the USA and Spain, variation in social characteristics of respondents may mediate the extent of concerns regarding water quality (e.g., Larson et al. 2016 , Flint et al. 2017 . For example, proportionately more respondents in the Treasure Valley identified water quality (a regulating ES) as a concern than did those in the other sites, including the nearby Portneuf Valley, which may have been related to differences in the populations sampled, such as the relatively larger proportion of respondents with scientific knowledge and active memberships in environmental organizations.
There were a number of additional notable differences in ES perceptions across the four sites. For example, only in the Portneuf Valley did respondents rate cultural and provisioning services as approximately equal in importance. This could be due to the prominence of the types of farming and ranching in this region, although both the Treasure Valley and the Spanish sites actually have higher proportions of land dedicated to agricultural uses. In addition, recreational hunting and fishing were more highly https://www.ecologyandsociety.org/vol23/iss3/art3/ perceived in both of the Idaho sites and the Kiamichi River compared with the Spanish watersheds. To some extent, this may be the result of the strong link between recreational activities and regional identities in U.S. culture (Khakzad and Griffith 2016) . In the state of Idaho, hunting and fishing represent activities that are very popular and closely linked with local identity and cultural heritage, whereas in semiarid Spain, those recreational activities are common practices but may not have as much cultural meaning.
Despite the growing interest in ES across global science and policy arenas, the scientific application of ES does not clarify how the information gathered could be used to inform land-policy decisions (Laurans et al. 2013 . Nations are beginning new protocols and policies to start using the ES framework to guide land management policy. Examples of these initiatives are the EU's Rural Development Policy and the National Rural Development Programme for Spain (Law 45/2007 on Rural Development), and the memorandum of the USA's Obama administration directing federal agencies to factor the value of ES into federal planning and decision making.
The analysis of social perceptions has emerged as a first step in the incorporation of social perspectives and stakeholder engagement in environmental management decisions (López-Rodríguez et al. 2015) . Global assessments suggest that the tendency is that the general public recognizes first the importance of provisioning ES followed by regulating and cultural services (Martín-López et al. 2012) . However, in our sites, cultural ecosystem services were the most perceived in all sites, which suggests that the global policy applications of ES should emphasize cultural ES. However, prioritization of cultural services, especially ES related to recreational activities such as hunting and fishing, can potentially produce ES trade-offs. For instance, in the two Idaho sites in the western USA, land management for cultural services such as recreation or vacation homes in amenity-rich rural landscapes conflicts with the management of land and water resources required to support agriculture. In our Oklahoma site, there is a direct conflict between maintaining water-related recreation activities (e.g., boating and fishing) and supplying water to the urban center of Oklahoma City (Castro et al. 2015b (Castro et al. , 2016a . Additionally, in Spain, we observed trade-offs between the provision of cultural services (related to luxury recreation opportunities) in places with severe water scarcity issues The debate about the linkages between cultural services and other ES raises the following question: by promoting land policies that protect specific cultural services (e.g., fishing), are we also protecting other regulating services (e.g., water quality)? Recognizing this complexity is key to understanding the ecological and social implications of different land-based policies, as well as to providing evidence of synergies and trade-offs among multiple types of ES (Castro et al. , 2016b . As recently emphasized by the global assessment of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), the concept of Nature's contribution to People (NCP) is urgently demanding new tools and approaches to investigate the role that cultural values and identity play in global conservation policies (Díaz et al. 2018) , which ultimately helps to advance our knowledge about the linkages between nature and the diversity of its contributions to people (Balvanera et al. 2017a , b, Turkelboom et al. 2018 .
On a practical level, whereas substantial complexity exists in how and why individuals perceive various ES, our findings suggest a few main things decision makers and land-use planners should consider when formulating new policy. First, people care strongly about their natural environments for recreational, spiritual, and esthetic purposes. There is a growing empirical basis for this trend, and a resulting shift in the way ES are conceptualized, from focusing on economic values to an increasing focus on social values and the incorporation of multiple disciplines characterized by cognitive psychology, nature experience, and place attachment (Ives et al. 2017) . In addition, the differences among the four sites highlight the complexity in understanding how people interpret, use, and value physical landscapes. This should not be surprising; the social world is complicated, and different people develop different preferences and environmental orientations under diverse circumstances for a wide variety of reasons (Inglehart 1995 , Gelissen 2007 , Pisano and Lubell 2015 . Overall, our findings suggest that how people come to value the ecosystems around them can best be understood as a combination of biophysical and sociodemographic factors, and that improving our understanding of social-ecological systems to inform sustainability science will require more place-based research in different contexts.
CONCLUSION
We conducted the same detailed ES survey in four semiarid sites representing very diverse SES contexts: southern Spain, southeastern Oklahoma, southeastern Idaho, and southwestern Idaho. We analyzed the data to understand how the ES local residents in each location cited as important differed between sites and we also synthesized the data to identify which type of ES were mentioned most frequently across all sites. A main conclusion was that cultural ES were the most highly perceived in all four of the research areas, which is important to note because the scientific and policy attention to cultural services is well behind that of regulating and provisioning ES. Our results indicate that, as the majority of our respondents consider cultural ES to be one of nature's primary contributions to human wellbeing, better research and policy are needed to understand and protect cultural ES for humanity's benefit. In particular, a main research priority moving forward should be to better understand if protecting cultural ES requires trade-offs with important regulating and provisioning ES, or whether policy targeting cultural ES can mutually benefit regulating and provisioning ES. Another main conclusion of our study is that both social (e.g., gender, education) and local ecological (e.g., land use and climate) characteristics play roles in influencing people's perceptions of which ES are important. Such findings are only revealed by replicating indepth, place-based research across multiple, diverse sites, and thus confirm the importance of the PECS approach. Overall, our study highlights how the PECS approach can be used to provide both generalizable conclusions about ES valuation commonalities (e.g., cultural services are highly perceived by a wide range of people in diverse sites), while also identifying important factors that are specific to each SES site (e.g., cultural ES like hunting may be valuable to local identities in some places, whereas in others the cultural ES of picnicking is more important), which are important findings to consider when crafting environmental policy about SES management. 
